University of Illinois and a NATO Postdoctoral
Fellow at the University of Glasgow. Miller joined the staff of UCR in 1969 and for 15 years used neurophysiology to determine the mode of action of cyclodienes and later DDT and pyrethroid insecticides on houseflies, work supported by the National Institutes of Health. Because synthetic pyrethroids were a brand new chemistry, Dr. Miller wanted to document the development of resistance to them in field populations of cotton pests and started a program of research in support of the California cotton industry. He invented methods of measuring resistance to insecticides with a modified pheromone trap and beginning of diapause (dormancy) in pink bollworm with an antibody method, both taking 24 h and both applied in commercial cotton fields. Dr In addition, individual, locally acquired cases were identified in Miami-Dade and Broward Counties. These two cases were caused by different dengue viruses and were unrelated to each other and to the virus transmission that occurred earlier in Key West. Leal mentioned that up to 50% of people infected with dengue viruses have unapparent infections, many of them being too mild to be recorded by a visit to medical facilities. A serological survey indicated that 5% of inhabitants of a sector of Key West have been infected (suggesting >1000 infections may have occurred in this area).
Dengue is widely reported to be spreading beyond traditional areas of infection. According to Gary Clark, at the USDA-ARS vector labs in Gainesville, Florida, the Key West outbreak in 2009 was the first evidence of local dengue transmission in the continental US outside of Texas in over 60 years. An infected person develops life-long immunity to a given strain (serotype) of the virus and soon loses the ability to act as an inoculation source; however, there is no cross-resistance to the three other serotypes, some of which are much more lethal than Dengue virus 1 (Popovici et al. 2010) .
Insecticide-based methods for control of the dengue mosquito are effective to a degree, but are unable to eradicate the mosquito locally. Mosquito abatement personnel lack access to all breeding locations for a variety of reasons, the main one being absent owners with locked properties, which means that some dengue-infected mosquitoes always manage to avoid insecticide sprays. Also with decreasing population sizes, insecticide control methods decrease, whereas SIT methods increase in effectiveness.
Both GM and non-GM SIT methods are far more efficient than insecticides because the males actively seek out wild females including those in locations not accessible to control personnel. The public reaction to the news from non-governmental organizations (NGOs) and environmental groups was predictably vocal, if off-balanced (Enserink 2010) . Complaints against use of GM mosquitoes in SIT are often poorly focused. See, for example, suggestions for improving the anti-GMO arguments from Mark Benedict (2011) .
Instead, to allay the concerns of NGOs and environmental groups, a distinction can be made between GM insects used in SIT programs compared to other GM strategies. A group of students at the 2008 national meeting of the Entomological Society of America published results of a debate on use of genetically modified organisms in entomology (Nielsen and Burrus 2010) . In the introduction, they determined that:
"For the purposes of this debate, GMOs included herbicide-resistant plants and organisms
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that are altered with Wolbachia, but did not include sterilized insects (Sterile Insect Technique). Sterilized insects were not considered GMOs because the sterilization conferred on an insect does not proceed to the next generation; the insects are incapable of reproducing the mutated genome."
With this very simple statement these young professionals have added clarity to this issue. A GM insect like the dengue mosquito described above that is used in the SIT sense is at a reproductive dead end.
SIT has been used successfully and safely for many years by governments and growers to protect local agricultural industries. The targets of these programs are various species of tsetse flies, fruit flies, moths and screwworm flies. Technical advice and technology development and transfer for many of these programs is provided primarily by the Insect Pest Control Subprogramme of the International Atomic Energy Agency, in partnership with the Food and Agricultural Organization, both part of the United Nations.
Sufficient doses of radiation to cause sterility unfortunately may cause damage to some tissues resulting in significant loss of competitiveness in sterile males. Radiation-based SIT requires ratios of SIT insects to wild types as high as 100:1 to block reproduction in field populations. Even with this level of inefficiency, SIT has been so successful at suppressing and in some cases even locally eradicating pest populations from large areas that it is now demanded by some trading partners to ensure pest-free produce.
While not necessary for successful SIT, a few programs lack an infallible marker system. In these cases SIT releases must continue due to inability to distinguish between SIT and wild type insects in monitoring traps after local populations are eliminated. In other programs DNA methods allowing 100% identification have allayed grower fears that local outbreaks were caused by released insects.
As a biological control method, SIT is close to ideal. It involves only the pest insect itself. It does not involve importing parasites and predators from abroad; the pest is already present, so there are no invasive species or biodiversity issues. Moreover, the increase in efficiency by releasing only males in some cases means no blood meals (mosquitoes) and no fruit or vegetable damage (fruit flies, moths).
This would be arguably the most sustainable method of pest control in existence were it not for the need in some cases to reduce local populations first to manageable levels with insecticide, pheromone or other methods.
Use of GM insects in SIT, such as offered by the RIDL mosquito, would do several things: tests show that the RIDL mosquito is equally competitive or nearly so with non-GM mosquitoes (Gary Clark, USDA-ARS, Gainesville, FL, personal communication); genetic markers eliminate the identification problem, thereby removing uncertainty; and genetic methods of producing only males make that option available, although at present the yellow fever males are selected by hand because of a size difference with females.
The whole point of the Cartagena Protocol on Biosafety was to "… protect human health and the environment from the possible adverse effects of the products of modern biotechnology." Since RIDL mosquitoes and other GM insects used in SIT programs are at a reproductive dead end, there is no risk to assess and nothing to regulate.
All of the U.S. regulatory agencies reached a similar conclusion with the GM zebra fish and declined to regulate. As a result GloFish® is sold in 49 states including Virginia, where I live. GM insects used in SIT are designed to be biologically contained. At the end of operational release, no reproductive individuals remain. Apparently governments in Cayman Islands, Malaysia and Brazil reached similar conclusions in allowing RIDL trials.
